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Shell-model description of magnetic dipole bands in °3Sn
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Because of the well-developed shell closure at N,
Z = 50, Sn isotopes have often been studied using the
shell model by considering only valence neutrons. How-
ever, several states have been observed in light Sn iso-
topes that would be described by the configurations with
a broken '°°Sn core. One interesting example is the
high-spin regular band that decays mainly by M1 tran-
sitions.!) This band has been interpreted by the “shears
mechanism” using the tilted-axis cranking model.?) In
this report, we present the results of our trial to de-
scribe this magnetic dipole band using the shell model,
taking '°Sn as an example.

The adopted model space consists of the proton
(Ogg/g7 1d5/2, 097/2) orbits and the neutron (1d5/2,
097/2, Oh11/27 251/27 1d3/2) orbits. The effective in-
teraction is prepared by combining the SNBG1%) inter-
action as neutron-neutron and proton-proton part, the
P1GD5G3Y interaction for proton-neutron part among
the relevant orbits if defined, and for the rest parts the
microscopic interaction® based on the realistic N3LO
interaction.®) The bare single-particle energies (SPEs)
for the neutron orbits are adjusted so as to reproduce
the effective SPEs obtained by the SNBG1 interaction
at 1'Sn. The SPE of the proton 0gg/2 orbit is taken
from the P1GD5G3 interaction, and the rest are deter-
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mined so that the effective SPEs agree with those of
the neutrons at '°°Sn. In order to ensure the computa-
tional feasibility, up to 5 nucleons are allowed to excite
into the proton (1ds /2, 0g7/2) orbits or neutron (0hqy s,
281/2, 1d3/2) orbits.

The calculated band structure is shown in Fig. 1. One
can find reasonable agreement between the experimen-
tal data and the shell-model results. The E2 and M1
transition probabilities are calculated by using the ef-
fective charge e, = 1.6, e, = 0.8, and the effective
spin g-factors ¢°f = 0.74¢"°¢. The calculated nega-
tive parity band 43/27-41/27-39/27 - - - decays mainly
by M1 transitions, consistently with the experiment.
The typical B(M1) value within the band is ~ 1u%,
while the B(E?2) value is at most 0.08¢*b?, indicat-
ing the M1 dominance. In addition to this band, the
shell-model results give a positive-parity M1-dominant
band 39/25 -37/24-35/25 -+ - -, on top of the 23/23 state.
The dominant configurations in the calculated wave
functions are 7T(99/2)71(97/2)1V(g7/2d5/2)4(h11/2)1 and
T(g9/2) ' (g7/2) V(g7 /2ds52)° relative to the 1%°Sn closed
core for the negative and the positive parity bands, re-
spectively. However, the purity of these configurations
is gradually lost for lower spin states, and the feature of
the “shears mechanism,” i.e., a rapid decrease of B(M1)
with increasing spin, is not clear.
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Fig. 1. Energy levels of 1%°Sn. The experimental data are taken from Refs. 1, 7). The shell-model results
are obtained using the code MSHELLG64.®) The width of the arrow drawn in the shell-model results

is proportional to the branching ratio.
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